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NON-NATURALLY OCCURRING TARGETED LIPOLYTIC COMPOUNDS: 
SYNTHESIS. DEMONSTRATION OF POTENCY, AND PRACTICAL AND 
THERAPEUTIC APPLICATIONS 

5 

Background of the Invention 

Throughout this application, various references are 
10 referred to within parentheses. Disclosures of these 
publications in their entireties are hereby incorporated 
by reference into this application to more fully describe 
the state of the art to which this invention pertains. 
Full bibliographic citation for these references may be 
15 found at the end of this application, preceding the 
claims. 

Virtually all living organisms, including many viruses, 
use membranes to provide barriers against the external 
20 environment. These barriers are essential to maintain 
the integrity of the organism, with membrane degradation 
leading to cell death or viral inactivation. 

Substances that disrupt membranes serve a diverse number 
25 of functions. A few of these include hygiene (soap), the 
immune system (many lytic pathways including the 
complement fixation system) , and bacterial and animal 
toxins. These substances have diverse mechanisms; in the 
case of toxins, they may function by creating pores in 
30 the membrane (e.g. colicin) , or by enzymatically 
degrading the lipids which compose the membrane itself 
(e.g. lipases (reviewed in Wooley and Petersen, 1994) and 
phospholipases (Scott et al. 1990; reviewed in Vernon and 
Bell 1992) ) . ' 

35 

Many lipolytic agents work indiscriminately and thus have 
limited therapeutic potential. In order to develop a 
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therapeutic reagent, applicants have sought to enhance 
specificity. One established method for doing so, 
targeting, uses a molecular guide to direct the reagent 
specifically to its site of action. 

5 

While the idea of targeting cytotoxic agents to 
pathological cells is an old one (reviewed in FitzGerald 
and Pastan 1992, Pastan et al. 1992 and in Siegall 1994), 
the use of reagents which function extracellularly to 
10 disrupt membranes has not been attempted. It has several 
advantages . 

First, such reagents would not have to cross the membrane 
barrier in order to be effective. Such in vivo problems 

15 as toxicity, rapid clearance, metabolic inactivation, 
rapid development of resistance, and low bioavailability 
remain major hurdles in drug development. One way to 
avoid or at least to lower the chance that such 
complications might arise is to use extracellular 

20 strategies. Although rapid clearance and development of 
resistance would still be problematic, extracellular 
therapeutics would avoid the intricate intracellular 
machinery, thus lowering toxicity and reducing the rate 
of metabolic inactivation. Moreover, they would not have 

25 to cross into the cytoplasm and thus have higher 
bioavailability. 

Second, such reagents would be effective against the 
virions of enveloped viruses (such as herpes, influenza, 
30 or retroviruses such as HIV) , which are resistance to 
conventional directed toxins. Indeed viruses, which lack 
cellular biosynthetic repair mechanisms, would be 
uniquely susceptible to membrane degradation. 

35 As cm initial trial, applicants have sought to combine 
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specificity with smti-viral potency through the creation 
of targeted phospholipases. While applicants have 
focused on phospholipases as an initial test case, it may 
be that a different application of the general idea, to 
5 specifically target lipolytic agents against pathological 
cells and enveloped virions, will ultimately prove to be 
more useful medically. 
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Brief Deaerlptlon of the Description 

Ficmre lA&lB Stereo diagram of electron density 
produced by combining the multiple 
5 isomorphous replacement and the 

phospholipase molecular replacement 
phases. Density distributions were 
calculated with data from 10-2.9 A, and 
contoured at 1.0 sigma. The region shown 

10 is homologous to the antiprotease loop in 

the Kunitz subunit and cannot be biased by 
phase information from the phospholipase 
model. Shown with it are the final jSj" 
bungarotoxin refined model (light green) 

15 and a ribbon trace of the backbone and 

disulfides of BPTI (pink) , superimposed as 
described in Fig. 1.2. Figure made with 
SETOR (Evans, 1993) • 

20 Figure 2A&2B Backbone structure of /Sj- bungarotoxin. 

(2A) Schematic displaying secondary 
structural elements. (2B) Stereoplot of 
the a -carbon atom (Ca) backbone of /Sa" 
bungarotoxin shown superimposed with toxin 

25 (notexin and of-dendrotoxin; dashed line) , 

and non- toxic (Naja naja atra 
phospholipase and BPTI; thin line) 
homologues of each subunit . 
Superpositions were made using all Ca that 

30 remained within 2.5 A of each other after 

least-squares alignment. Outliers are 
detailed in Fig. 1.3. Balls are drawn 
every 10 residues for reference. Fig. 
1.2a was made with SETOR (Evans, 1993), 

35 Fig. 1.2b with MOLSCRIPT (Kraulis, 1991). 
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Sequence of iSa-bimgarotoxin aligned with 
siibunit homologs. The sequence of jS^- 
bungarotoxin was redetermined from the 
purified protein. It is shown aligned 
with toxin and non- toxic homologs 
respectively of each subunit: 
phospholipase subunit (notexin and Naja 
naja atra phospholipase) and Kunitz 
subunit (a-dendrotoxin and BPTI) . These 
sequences have been aligned based on the 
superposition of their crystal structures 
(Fig. 1.5). Also shown for the Kunitz 
STibunit are the sequences of two ion 
channel toxins, calcicludine and mast cell 
degranulating peptide, although less 
structural detail is available for them. 
Yellow, sequence conserved only among 
Kunitz toxins; cyan, sequence conserved 
between all Kunitz toxins and BPTI; green, 
sidechains within 2 A of the surface as 
defined by the substrate acyl chains (see 
Fig. 1.5); o, catalytic residues in the 
phospholipase; #, reactive-site Lys or Arg 
residue of Kunitz serine protease 
inhibitors; A intermolecular half -cystines 
and residues with more than 25% of their 
solvent accessible surface buried in the 
subunit interface; buried amino acid 
sidechains of the Kunitz subunit of jSj- 
bungarotoxin with solvent accessibilities 
of less than 15%; boxed, residues which 
differ from jUj-bungarotoxin by more than 
2.5 A after alignment as detailed in Fig. 
.1.2. 



35 




wo 9^40890 

Figure 4Aj^4B 

5 
10 
15 
20 

Figure 5A&5B 

25 
30 




PCrAJS96/(»593 

- 6 - 

Molecular surface of /Sj-bungaro toxin. 
(4A) Electrostatic potential computed with 
GRASP (Nicholls et al. 1991) at neutral 
pH. Blue represents positive potential, 
red negative, and white neutral. The 
positions of selected features are 
highlighted. (4B) /Sj-bungarotoxin 

surface colored according to the sequence 
similarity of the underlying residues - 
The color scheme is similar to that of 
Fig. 1.3: conserved only among Kunitz 
toxins (yellow) , conserved between all 
Kunitz toxins and BPTI (cyan) , and 
unconserved (dark blue) . Backbone atoms 
were considered conserved unless they 
diverged structurally by more than 2.5 A 
as detailed in Fig. 1.3. The yellow patch 
towards the center of the Kunitz subunit 
corresponds to Phe 23 . Clustered below it 
are Lys 30 and Arg 54. Opposing views of 
the toxin were rendered by GRASP. 

Chemical and physical properties of the 
phospholipase surface proximal to the 
substrate binding region. (5A) 
Hydrophobic area and proximal area of the 
surface within 7.5 A of the substrate acyl 
chains. Shown are (•) toxic 

phospholipases , (o) non-toxic 
phospholipases from structures without 
substrate, and ( [] ) non- toxic 
phospholipases from structures of 
substrate complexes. "N" and "B" label 
notexin and jSa-bungaro toxin respectively. 
(5B) Phospholipase molecular surface 
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colored by the physical properties of the 
underlying atoms. Green represent 

hydrophobic, magenta charged, white polar. 
Portions of the surface that are greater 
than 7.5 A from the substrate acyl chains 
are colored orange. The surfaces depicted 
with GRASP are (from left to right) jSj- 
bungarotoxin, notexin, and the 
phospholipases from cobra {Naja naja atra 
class I) , rattlesnake {Crotalua atrox 
class II) , and honeybee (Apis jneliirera 
insect) . Figure made with GRASP 

(Nicholls et al., 1991). 

Phospholipase Aa inactivation of HIV. HIV-1 
virions were incubated with various 
inactivating reagents for 4 hours at 37 °C. 
Hela cells (CD4* containing an LTR-HIV 
dependent promoter-LacZ fusion) were 
subsequently added and the mixture incubated 
for 2 hours at 37<*C. Cells were centrifuged, 
trypsinized, transferred to 96 -well fi-titre 
plates, and incubated for an additional 48 
hours at 37*^C, and then fixed and stained with 
X-Gal. Blue cells, indicating the presence of 
an HIV-Tat activated LacZ gene, were counted. 
Shown are Dextran sulfate (a previously 
identified potent in vitro HIV inactivating 
reagent) , Bee (an evolutionarily divergent 
phospholipase Aj from bee venom) , pork (a 
monomeric digestive , phospholipase . Aa from 
porcine pancreas), and C. Atrox (a dimeric 
venom phospholipase Aj from the snake, Crotalus 
atrox) . Various concentrations of these 
reagents and their inactivating effect on HIV 
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are shovm* The dotted line corresponds to the 
number of positive cells in the control where 
no inactivating reagent was added. The lowest 
concentration, O.l/ig/ml, corresponds to a 
5 concentration of roughly 7nM for the 

phospholipase . 
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Detailed DeBcriptlon of the Invention 

This invention provides a non-naturally occurring 
targeted lipolytic compound comprising a lipolytic agent 
5 linked to a targeting agent. 

As used herein, the term "non-naturally occurring" means 
the targeted lipolyptic compound does not exist in 
nature / although either of the components of the compound 
10 may occur naturally. As used here, a lipolytic agent is 
capable of causing membrane lysis either directly or 
indirectly by triggering a sequence of events resulting 
in membrane lysis. A targeting agent can preferentially 
bind to a specified cell, virus, or molecule. 

15 

In an embodiment, the lipolytic agent of the targeted is 
a lipase. In a further embodiment, the lipase is a 
phospholipase . In a still further embodiment, the 
phospholipase is a phospholipase A2 . In a further 
20 embodiment, this phospholipase A2 is a phospholipase 
subunit of S-bungarotoxin. 

The lipolytic agent and the targeting agent are linked 
physically in such a manner as to not adversely affect 

25 the individual activity of each subunit. Such linkage 
may be direct or indirect. As used here, direct linkage 
refers to any linkage between lipolytic agent and 
targeting agent that does not require a linkage agent. 
Indirect linkage refers to any linkage which does require 

30 a linkage agent. Examples of indirect linkages include 
but are not restricted to: 1) a crosslinking reagent, if 
the lipolytic agent and targeting agent are separate 
molecules; or 2) a peptide linking region, if the 
compound is produced by genetic manipulation. 

35 Furthermore, such linkage may result from covalent 
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bonding, non-covalent interactions, or a combination of 
the two. In an embodiment, the lipolytic agent of the 
non-naturally occurring targeted lipolytic agent is 
covalently linked to the targeting subunit. In a further 
5 embodiment, the lipolytic agent is linked to the 
targeting agent by a linker. In a still further 
embodiment, the length of the linker is greater than 5 
angstron. In another further embodiment, the length of 
the linker is greater than 50 angstron. In another 
10 embodiment, the linker is a polyethylene glycol based 
linker. 

In a separate embodiment, the lipolytic agent of the non- 
naturally occurring targeted lipolytic compound is linked 
15 to the targeting siibunit by non-covalent interactions. 

This invention provides the above -described targeted 
lipolytic compound wherein the targeting agent 
preferentially recognizes a virus. 

20 

This invention provides the above-described targeted 
lipolytic compound wherein the targeting agent 
preferentially recognizes a subpopulation of cells. 

25 This invention further provides the above -described 
targeted lipolytic compound wherein the targeting agent 
preferentially recognizes a pathological cell. 

This invention provides the above -described non-naturally 
30 occurring targeted lipolytic compound wherein the 
targeting subunit is a protein. In an embodiment, the 
protein is a monoclonal antibody. In another embodiment, 
the protein is an antibody or a portion of an cuitibody 
with the ability to bind antigen. 

35 
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In a separate embodiment, the targeting agent comprises 
a carbohydrate molecule. In another embodiment, the 
targeting agent is a drug. 

5 This invention also provides the above -described non- 
natural ly occurring targeted lipolytic compound wherein 
the targeting agent is a protein capable of specifically 
recognizes an epitope on the surface of a virus. In an 
embodiment, the virus is an envelope virus. In a further 
10 embodiment, the virus is selected from a group consisting 
essentially of herpesviruses, poxviruses, arboviruses, 
myxoviruses , orthomyxoviruses , paramyxovirus , 
leukoviruses, hepatitis viruses and retroviruses. 

15 In a further embodiment, the targeting agent is 
preferentially recognized by human immunodeficiency 
virus. 

In an embodiment, the targeting subunit is a Soluble CD4 
20 (sCD4) molecule. In a further embodiment of the above- 
described non-naturally occurring targeted agent, the 
targeting subunit is sCD4 and the lipolytic is a 
phospholipase . 

25 This invention further provides the above -described 
targeted lipolytic compound which targets to a 
pathological cell, wherein the pathological cell is a 
tumor cell. In an embodiment, the pathological cell is 
a virus infected cell. In another embodiment, the 

30 pathological cell is a genetically aberrant cell. 

This invention further provides a therapeutic composition 
comprising the above -described non-naturally occurring 
targeted agent and a pharmaceutical ly acceptable carrier. 



35 
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For the . purposes of this invention "pharmaceutically 
acceptable carriers" means any of the standard 
pharmaceutical carriers. Examples of suitable carriers 
are well known in the art and may include, but not 
limited to, any of the standard pharmaceutical carriers 
such as a phosphate buffered saline solutions, phosphate 
buffered saline containing Polysorb 80, water, emulsions 
such as oil/water emulsion, and various type of wetting 
agents. Other carriers may also include sterile 
solutions, tablets, coated tablets, and capsules. 

This invention also provides a method of inactivating ^ 
virions which comprises contacting the virion with the 
above-described targeted lipolytic compounds at an 
effective concentration permitting killing of the 
virions, thereby inactivating the virions. 

This invention also provides a method of selectively 
eliminating a subpopulation of cells in a sample which 
comprises contacting the sample with the above -described 
targeted lipolytic compound, wherein the targeting agent 
preferentially recognizes the subpopulation of cells for 
an appropriate time permitting the lipolysis of cells by 
the lipolytic agent, thereby eliminating the 
svibpopulation of cells in the sample. 

This invention also provides a method of killing 
pathological cells which comprises contacting the 
pathological cells with the above -de scribed targeted 
lipolytic compound at an effective concentration 
permitting killing of cells, thereby killing the 
pathological cells. In an embodiment, the cells are 
tumor cells. In another embodiment, the cells are virus 
infected cells. In a further embodiment, the cells are 
genetically aberrant cells. 




wo 96/40890 PCTAJS96/09593 

- 13 - 

This invention will be better understood from the 
Experimental Details which follow. However, one skilled 
in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of 
5 the invention as described more fully in the claims which 
follow thereafter • 
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fiiitwwiai' Y of ExperlmentB 

Applicants performed three experiments which are 

summarized here. Experimental details follow after the 
5 summary. 

Experiment 1 

X-ray crystallographic analysis of the neurotoxin, S- 
bungarotoxin, from the venom of the snake Bungrarus 
10 Multicinctus: elucidation of functional mechanism and 
discussion of therapeutic adaptation. 

fi-Bungarotoxin consists of two subunits, a phospholipase 
subunit which functions extracellularly to degrade lipid 

15 membranes, and a targeting subunit, which serves to guide 
the phospholipase to its site of action at the 
presynaptic membrane, potentiating its toxic degradative 
ability. From detailed structural analysis of this 
naturally occurring, evolutionarily perfected toxin, 

20 applicants elucidated its mechanism of action. This 
mechanism may have beneficial application in other 
contexts, and applicants discuss the creation of 
extracellularly targeted therapeutics. 

25 Experiment 2 

Demonstration of lipolytic potency, extension to 
enveloped virions. 

Applicants explored the use of lipolytic agents, some of 
30 which function extracellularly and may be adapted to 
therapeutic application. In one particular example, 
applicants have focus on the neutralizing abilities of 
lipolytic phospholipases . While the sensitivity of most 
cells to phospholipase degradation is well -documented, 
35 applicants sought to extend the therapeutic range of 
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applicability to enveloped viruses. Applicants tested 
the ability of extracellular phospholipases to neutralize 
enveloped virions, which are virtually inert 
biochemically and resistant to activation by many drugs. 
5 Applicants demonstrated that the virions of the enveloped 
retrovirus HIV were extremely susceptible to 
phospholipase degradation. 

Experiment 3 

10 Therapeutic conjugates: creation and application of a 
non-naturally occurring targeted lipolytic compound. 

When separated from its natural targeting subunit (which 
directs it to the presynaptic membrane) , the 6- 

15 bungarotoxin phospholipase is not toxic. Applicants 
succeeded in separating and purifying the fi-bungarotoxin 
phospholipase subunit, while maintaining its 
phospholipase activity. Chemical conjugates were created 
consisting of the fi-bungarotoxin phospholipase covalently 

20 attached to human CD4, the receptor for HIV. J^plicants 
demonstrated that these conjugates were 10-times more 
effective at inhibiting HIV replication than either 
dextran sulfate or pentosan sulfate, both of which are 
accepted as potent steindards for in vitro inhibition of 

25 HIV. 
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EXPERIMENTAL DETAILS 
Experiment 1 

5 X-ray crystallographic analysis o£ the neurotoxin, S- 
bimgaro toxin, from the venom of the snake Bungarus 
MultlclnctUBi elucidation of functional mechanism and 
discussion of therapeutic adaptation. 

10 Experiment 1 Abstract 

The presynaptic neurotoxin fi-bungarotoxin consists of an 
enzymatic phospholipase subunit linked by a disulfide to 
a targeting subunit, which is a member of the Kunitz 

15 protease- inhibitor superfamily and binds voltage 
sensitive K* channels. The crystal structure was solved 
and refined at 2.45 A resolution. Analysis of the 
phospholipase subunit reveals a partially occluded 
substrate binding surface and reduced hydrophobicity, 

20 functional adaptations which make this phospholipase 
uniquely suited to targeting. Not only is the targeting 
activity segregated to a separate subunit, but the 
calcium dependent nature of the phospholipase confines 
lipolytic hydrolysis to the extracellular surface, thus 

25 avoiding intracellular machinery and reducing toxicity 
and the rate of metabolic inactivation. Most 
pathological cells should be sensitive to lipolytic 
degradation. Moreover, by recoupling the phospholipase 
to a viral receptor moiety, such phospholipase therapy 

30 may also work on enveloped virions; the very biochemical 
inertness which makes virions resistant to conventional 
directed toxins should make them particularly sensitive 
to phospholipase degradation. Insight into the mechanism 
of 6-bungarotoxin may thus lead to the development of 

35 therapeutic strategies against not only pathological 
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cells but also enveloped viruses. 

Inliroduction of Experiment 1 

5 fi-bungarotoxin is a heterodimeric neurotoxin from the 
venom of the snake Bungarus multicinctus (Chang & Lee, 
1963 and Abe et al., 1977). It contains a lipolytic 
phospholipase Aj subunit, which closely resembles an 
extensively characterized family of extracellular 

10 phospholipases found in venom, pancreatic secretions, and 
inflammatory exudates (Scott et al-, 1990, reviewed in 
Dennis, 1994) . It also contains a second subunit, which 
is a member of the Kunitz (Kunin or pancreatic trypsin 
type) protease -inhibitor .superf amily, although B- 

15 bungarotoxin demonstrates no protease inhibitor capacity 
(Kondo et al., 1982a, reviewed in Laskowski & Kato, 1980 
and Bode & Huber, 1992) . This subunit serves to guide 
the toxin to its site of action on the presynaptic 
membrane by virtue of a high affinity interaction 

20 (nanomolar K,,) with a specific subclass of voltage 
sensitive K* channels (Rehm & Betz, 1984; Petersen et al., 
1986 and Rehm & Tempel, 1991) . With more than a dozen 
structures known at atomic resolution for representative 
members of each family, analysis of these subunits in the 

25 unusual context of a disulfide- linked neurotoxin provides 
a unique opportunity to understand the . essential 
modifications needed for targeted toxicity. 

Although the interaction of the Kunitz module with 
30 proteases has been extensively characterized, its 
interaction with ion channels is not well understood; 
knowledge of. this interaction might aid in understanding 
the regulation of ion channels. Moreover, as potent and 
specific effectors of the nervous system, these Kunitz 
35 toxins have been the focus of drug design efforts (Smith 
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et al., 1993, reviewed in Hasrvey et al. 1994). In 15- 
bungarotoxin, the Kunitz subimit must specifically 
recognize the ion-channel receptor, while (unlike 
targeted cytotoxins) simultaneously permitting 
5 phospholipase enzymatic hydrolysis. Because of its role 
in guiding the toxin, applicants have termed the Kunitz 
subunit the "targeting subunit" and applicants refer to 
the mechanism of fi-bungarotoxin as "targeted 
phospholipase" action. 

10 

A number of venom phospholipases are toxic and, although 
they appear to share similar biochemical properties 
(Radvanyi et al., 1987), they vary mechanistically. For 
example, the neurotoxin, crotoxin, is composed of a 

15 standard phospholipase and an inhibitory chaperone, which 
blocks the phospholipase active site until triggering by 
a presynaptic receptor causes it to dissociate (Delot & 
Bon, 1993) . In contrast, the monomeric phospholipases 
from Qxyuranus scutellatus are unchaperoned, yet they 

20 specifically target skeletal muscle (Lambeau et al,, 
1990) . A review of the primary structures of all known 
phospholipase toxins reveals that only one, B- 
bungarotoxin, consists of a simple bipartite structure 
and mechanism of action in which targeting and 

25 phospholipase activity are separated into non-homologous 
subunits (Chang, 1985) . 

As with immunotoxins (reviewed in FitzGerald & Past an, 
1989 and Press, 1991), the bipartite structure of S- 

30 bungarotoxin may be of use in the design of directed 
toxins of therapeutic value. B-Bungarotoxin has several 
therapeutic advantages . Unlike other highly toxic 
phospholipases, it is extremely specific in its effects; 
it does not have either direct or indirect hemolytic 

35 activities (Ho et al., 1986). Moreover, at 
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concentrations of only 1-2 nM, it specifically suppresses 
cultured neuronal cell growth while maintaining a high 
population of viable photoreceptor cells (Politi & Adler, 
1986) . 

5 

When purified from snake venom, fi-bungarotoxin is found 
to consist of a number of different isoforms, six of 
which have been characterized by sequencing (Kondo et 
al., 1982a and 1982b), Applicants report here the 

10 structure of the jSj-isoform. Sequence and structure 
analyses reveal surprisingly novel modes of interaction 
between this toxin and ion-channels and lipid membrcines. 
Insight into these interactions may be useful in other 
contexts: applicants discuss the therapeutic potential of 

15 a redirected phospholipase against enveloped viruses like 
. HIV, 

Ex perimental Results and Discussion for Experiment 1 

20 Overall structure 

The structure of jSj-bxingarotoxin was solved at 2.45 A 
resolution by a combination of molecular replacement and 
MIR phasing techniques and refined to an R-value of 19.3% 
(Table 1.1, Fig. 1.1). The structure of jSj-bungarotoxin 
25 is shown in Fig. 2a. Although each subunit is relatively 
globular, their joining produces a relatively extended 
molecule of mainchain dimensions -60x40x20A. 
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As expected from sequence analysis (Kondo et al., 19'82b) , 
the structure of the phospholipase subunit (120 residues 
and 6 disulfide bonds) closely reseinbles other members of 
5 a large homologous family of phospholipases (Dennis, 
1994) . The three helices which make up its core as well 
as the calcium binding loop superimpose well with the 
non-toxic Class I phospholipase from Naja naja atra 
(Scott et al., 1990) (rms of 0.826 A for 107 Ca) , and the 

10 toxic phospholipase notexin (Westerlund et al., 1992) 
(rms of 0.908 A for 108 Cof) (Fig. 1.2b) . Differences are 
seen mainly in the regions which interact with the Kunitz 
subunit (residues 13-16 and 74-76) , close to the 
substrate binding loop (residues 63-65), and at the base 

15 of the beta-wing (residues 81-84) . 

The Kunitz subunit with 61 residues amd 3 disulfides 
bonds also closely resembles other Kunitz superfamily 
members; it superimposes well with the classical 

20 protease inhibitor, bovine pancreatic trypsin inhibitor 
(BPTI) (Huber et al., 1970 and Deisenhofer & Steigemann, 
1975) (rms of 0.955 A for 48 Cof) and with the Kunitz 
toxin, a-dendrotoxin (Skarzynski, 1992) (rms of 0.837 A 
for 49 Ca) (Fig. 1.2b). Deviations are concentrated in 

25 the amino terminus (which in jSj-bungaro toxin interacts 
with the phospholipase subunit) and in the region 
homologous to the antiprotease loop (which in 
conventional Kunitz protease inhibitors is involved in 
protease binding) . 

30 

Subunit interface 

A novel Kxinitz interaction observed in jSj-bungarotoxin 
involves the intersubunit disulfide bridge at the C- 
terminal a-helix, namely, Cys 55 of the Kunitz subunit to 
35 Cys 15 of the phospholipase subunit. The subunit 



# 
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interface buries 1247 A', with 153 A' contributed by the 
half -cystine residues. Although hydrophobic contacts 
with Tyr are observed, charged residues predominate in 
the interface (Fig. 1.3). A B-bungarotoxin-like 
5 intermolecular disulfide bridge may also be observed in 
the C- terminal domain of the morphogen NOGGIN, a 
dorsalization factor involved in head formation in 
Xenopus oocytesB (Smith & Harland, 1992) . While the 
NOGGIN sequence conserves the seven cysteine residues of 
10 the i5-bungarotoxin Ktinitz domain (McDonald & Kwong, 
1993), the NOGGIN disulfide bond bridges a homodimer, 
andi apart from the conserved cysteine, none of the 
residues that stabilize the B-bungaro toxin interface are 
retained. 

15 

Targeting selectivity and phospholipase subxinlt 
The remarkable capacity of the toxin to avoid non- 
specific binding and exclusively hydrolyze the 
presynaptic membrane is central to its neurotoxic action. 

20 Because its s\ibstrate, phospholipid, is continually 
present in abundance in non- target membranes, fi- 
bungarotoxin faces special targeting problems. Even 
though the phospholipase subunit of the toxin has almost 
60% sequence identity with other venom and pancreatic 

25 phospholipases, its interactions with membranes are 
markedly different (Radvanyi et al., 1987). Non-toxic 
phospholipases bind membranes (and micelles) in a non- 
specific promiscuous manner; S-bungarotoxin binds poorly 
to zwitterionic and non- ionic micelles (K^ >> 60 mM) . It 

30 exhibits a much greater degree of selectivity for auiionic 
surfaces than other phospholipases (Radvanyi et al., 
1987) . Applicants analyzed the phospholipase subunit for 
clues to the functional adaptations recjuired for targeted 
neurotoxicity . 



35 
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Structurally, the substrate binding loop (residues SO- 
BS) , which influences membrane binding cuid is one of the 
most variable features of the phospholipase family 
(Kuipers et al., 1989), was found to be closely related 
5 to that of the non- toxic phospholipase from Naja naja 
atra (Fig. 1*2) • 

Electrostatically, the substrate binding region was found 
to be negatively charged, the same as its preferential 

10 binding surface (Fig. 1.4) , While the overall charge of 
the toxin (+8 at neutral pH, most of which resides in the 
Kunitz subunit) may account for a non-specific affinity 
for anionic surfaces, other phospholipases have 
substantial net positive charges and are not neurotoxic 

15 (e.g., the eastern cottonmouth phospholipase with +9 
charges (Maraganore & Heinrikson, 1986)). These 
observations would tend to rule out conjectures 
explaining the toxic activity of S-bungarotoxin in terms 
of a structural binding feature or a specific 

20 electrostatic interaction. 

With respect to the chemical and physical properties of 
the surface proximal to the substrate binding site, 
however, S-btingarotoxin clearly segregates from non- toxic 

25 phospholipases, showing both reduced hydrophobic ity and 
reduced proximal surface area (Fig. 1.5). These two 
properties may be related through an association between 
surface curvature and hydrophobicity (Nicholls et al., 
1991) and account for the weak non-ionic micelle binding 

30 of the toxin. They may also reflect a functional 
adaptation for neurotoxicity which reduces the non- 
specific affinity of the toxin for membranes and thereby 
enhcuices targeting specificity. Indeed, the other 
neurotoxic phospholipase included in the analysis, the 

35 monomeric notexin (Westerlund et al., 1992), segregates 
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in the same fashion as 6-bungarotoxin (Pig; 1.5) . 



Crystal structures of several phospholipase Aa-substrate 
complexes demonstrate that this class of phospholipases 
5 bind substrate in a conserved manner (Scott et al., 
1990) . Modeling of the phospholipid substrate into the 
active site of 6-bungarotoxin leads to steric clashes 
with Trp 19, which appears to partially occlude the 
hydrophobic substrate binding site. Torsional rotation 

10 of Trp 19 out of the active site to the most 

favorable, sterically allowed, rotamer conformation 
(Ponder & Richards, 1987), similar to that seen in the 
structure of the substrate complex of Naja naja atra 
phospholipase (Scott et al., 1990) would position its 

15 indole ring within the membrane. Such a conformation 
would increase both the hydrophobic and proximal surface 
area of the toxin by approximately 100 A^, aligning it 
with non- toxic phospholipases. Thus, while surface 
properties are a cumulative reflection of all of the 

20 eicposed residues, Trp 19 may play a central role, in 
occluding the substrate binding site during diffusion to 
the presynaptic membrane, and once at the membrane, 
acting as a hydrophobic anchor to facilitate tighter 
binding. Other phospholipases may also occlude their 

25 substrate binding sites as a general mechanism for 
enhancing diffusion; Trp 19 is not unique to 6- 
bungarotoxin and oligomerically shielded substrate 
binding sites have been observed in the crystal 
structures of several venom phospholipases (Brunie et 

30 al., 1985 and Fremont et al., 1993). 

Therapeutic adaptation of S-bungarotoxin 

The molecular mechanisms revealed here, by which S- 
bungarotoxin avoids non-specific membrane interactions, 
35 coupled with the segregation of targeting activity to a 
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separate subunit (which may be removed by selective 
reduction) make the S-bungarotoxin phospholipase uniquely 
suited to therapeutic adaptation. As with targeted toxin 
therapy, it should be possible to redirect the fi- 

5 bungarotoxin phospholipase by switching its targeting 
subunit from the Kunitz module to, for example, a 
pathogen receptor or tumor specific antibody. Such a 
redirected phospholipase would have several advantages 
over the typical targeted cytotoxins (e.g., ricin, 

0 exotoxin A, and cholera toxin) used in toxin therapy. In 
order to function, these must be internalized and 
translocated to the cytoplasm, a relatively inefficient 
process; several thousand toxin molecules may be stranded 
at the cell surface before one reaches the cytoplasm 

5 (FitzGerald & Pastan, 1989 and Hudson & Grillo, 1991) . 
In contrast, the S-bungarotoxin phospholipase degrades 
membranes extracellularly . Such phospholipase therapy 
may also work on the virions of enveloped viruses (such 
as herpes, influenza, or retroviruses like HIV) , which 

0 are resistant to conventional directed toxins. Indeed 
viruses, which lack cellular biosynthetic repair 
mechanisms, would be xiniquely susceptible to this type of 
membrane degradation. 

5 Materials and Methods for Experiment 1 

Protein purification and crystallization fij -Bungarotoxin 
was purified from the venom of Bungarus multicinctus 
(Miami Serpentarium) as previously described (Kondo et 
0 al., 1982a), except that an additional Mono-S (Pharmacia) 
chromatographic step at pH 8.8 was included. Crystals 
(space group P4322 with cell dimensions: a=52.6 A, c«177.5 
A , one molecule per asymmetric unit) were grown from 
hcuiging droplets composed of 7 /xl of 10 mg/ml protein, 
5 0.5 mM EDTA, 0.01% NaNa, 1.4 M NaCl, , equilibrated over 
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1.0 ml reservoirs of 3.3 M NaCl, 50 mM Tris/HCl pH 8.5 at 
20'>C. 



Data collection and molecular replacement 
5 Data were collected on a Xuong-Hamlin area detector using 
CuKa radiation from a Rigaku rotating anode. Molecular 
replacement phasing as implemented in XPLOR (Brunger, 
1992a) was attempted using a model of bovine 
phospholipase (Dijkstra et al., 1981) that included 

10 backbone atoms and conserved amino acid sidechains. 
Using data with Bragg spacings between 10-4 A, Patterson 
correlation refinement (Brunger, 1990) resulted in a 
dominant rotation peak (0.079 correlation, 20% higher 
than the next highest peak) which produced a clear 

15 translation solution (0.286 correlation in P4322 against 
0.190 in P4i22) . After rigid body refinement (correlation 
0.329), the contribution of each amino acid to the 
correlation was checked by successive deletions, and the 
search model pruned accordingly. This improved the 

20 correlation to 0.419. Visual inspection of electron 
density maps produced with these phospholipase model 
phases failed to. give an indication of the orientation of 
the Kunitz subunit. Molecular replacement searches with 
numerous BPTI models also failed. 

25 

Multiple isomarphous replacement, model building, and 
refinement 

A 20 mM BaClj derivative was prepared by co- 
ci^rstallization. Other derivatives (5 mM, 24 hr 

30 equilibration) were screened using crystals stabilized 
in 4.75 M NaCl, 50 mM Tris pH 8.5. Derivative atom 
positions were determined from difference Fourier by 
using the phospholipase model phases. Native and 
derivatives with different stabilization conditions were 

35 kept separate through heavy atom refinement and phase 
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calculations (REFINE and PHASE (Collaborative 
Computational Project, No. 4, 1994)), until protein ABCD 
coefficients could be combined (Hendrickson & Lattman, 
1970) . Each derivative contained a single site. 

5 Anomalous differences were included in all heavy atom 
calculations. A model for the phospholipase subunit was 
built into the MIR electron density. Phase combination 
between this model and the experimental MIR allowed the 
entire S-bungarotoxin model to be built. Subsequent 

0 refinement (XPLOR) reduced the R-value to 19.3% (5-2.45 
A, all data greater than 2 sigma, with 10% of the data 
removed for free R-value calculation (Brunger, 1992b) ) 
with tightly restrained individual isotropic B- values, 
and RMS deviations of bond of 0.011 A and angles 1.6 

5 degrees. The present model contains 1523 non-hydrogen 
atoms including 82 waters and 1 Na* ion modeled into the 
calcium binding loop (the crystallization contained over 
3 M Na* and EDTA which chelated all free calcium) . The 
free R-value (Brunger, 1992b) is 28.0%. 

0 

jS^-Bungarotoxin protein sequencing 

Kunitz subunit: It was clear from the initial electron 
density maps that the published sequence of the Kunitz 
sxibunit of /Ja-bungarotoxin (Kondo et al., 1982a) was 

:5 incorrect. Applicants resequenced the Kunitz subunit 
using material purified for crystallization. The 
disulfide bonds of jSj-bungarotoxin were reduced and 
alkylated with iodoacetamide . After purification on 
reverse phase HPLC, the reduced and alkylated Kunitz 

to subunit was proteolyzed with endoproteinase Lys-C. 
Resulting peptides were separated by reverse phase HPLC 
and sequenced on an Applied Biosystems 470A sequencer. 
The revised sequence is shown in Fig. 1.3. 



Phospholipase subunit: The five reported fi-bungaro toxin 
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phospholipase sequences, three from protein sequencing 
(Kondo et al., 1982b) and two from cDNA nucleotide 
sequencing (Danse et al., 1990a and Danse et al., 1990b), 
show greater than 90% identity. At each phospholipase 
5 amino acid where isoform differences had been reported, 
applicants examined the experimental electron density and 
on the basis of this, made five substitutions to the 
reported /Sj-bungarotoxin sequence (Kondo et al., 1982b) 
: S66Q, Q67S, G87A, Q103N, D105E. All of these 
10 substitutions conform to the reported nucleotide 
sequences . 

Analysis of phospholipase surface 

The physical and chemical properties of surfaces of 14 

15 phospholipase crystal structures were analyzed with 
GRASP (Nicholls et al., 1991). These include toxins (/Sj- 
bungarotoxin, notexin (Westerlund et al., 1992)), 
phospholipases without substrate (Protein data bank 
accession codes 1BP2, IBPQ, 1P2P, IPOA, IPOD, IPPA, 1PP2, 

20 IPSH) , and substrate complexes (IPOB, IPOC, IPOE, 5P2P) . 
All phospholipases except for bee phospholipase (see 
below) were oriented to a common frame by superimposition 
onto 'i82*"1^^^9^^otoxin. Superpositions used the mainchain 
atoms of the three invariant helices which define the 

25 core. The rms deviations ranged between 0.4 and 0.6 A 
for the superimposed helices. The collection of 
substrate complexes aligned in this manner, showed 
similar substrate orientations. The solvent accessible 
surface (as defined by a 1.4 A probe) of each 

30 phospholipase, 7.5 A from the hydrophobic acyl chains of 
this collection of superimposed substrates, was analyzed 
with respect to the chemical character of the underlying 
atoms. Sidechain atoms in Asp, Glu, Lys, and Arg 
residues were considered charged, carbon atoms in Val, 

35 lie. Leu, Met, Trp, and Tyr residues, hydrophobic, and 
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all other atoms including the backbone, polar. 
Quantitative measurements were made by calculating the 
surface area covering atoms of each chemical 
characteristic. (Because of its structural divergence, 
5 bee phospholipase could not be oriented by its protein 
structure. The bee phospholipase substrate complex 
(IPOC) was oriented by superimposing its s\ibstrate onto 
the substrate of the Naja naja atra complex (IPOB) . The 
RMS of superposition was 0.89 A for the 24 atoms that 
10 remained within 2 A of each other after least squares 
alignment. The 7.5 A radius surface analysis of IPOC was 
based solely on its own substrate. Regardless, the IPOC 
hydrophobicity and surface area were indistinguishable 
from other non- toxic phospholipases) . 



15 
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Experiment 2 

Demonstration o£ Lipolytic Potency: extension to 
enveloped virions. 

5 

Lipolytic phospholipases A2 

Phospholipases A2 hydrolyze the en-2 ester of 
phospholipids (Scott et al. 1990; reviewed in Veraon and 

10 Bell 1992) . These extracellular enzymes makeup a large 
well -characterized family of proteins that preferentially 
hydrolyze aggregated phospholipids, for example in 
micelles or membranes. They are found in large amounts 
in digestive juices as well as in the venom from many 

15 snakes and insects. 

Since phospholipids are the primary constituent of 
membranes, phospholipase lipolytic degradation may result 
in cell lysis, and most eukaryotic cells are susceptible 
20 to such degradation. In multicellular organisms, 
however, such action is usually not very toxic. 
Phospholipases bind membranes indiscriminately; this 
restricts diffusion and damage is confined locally. 

25 Some toxic phospholipases have evolved methods of 
enhancing diffusion and of specifically targeting a 
select subset of cells (reviewed in Chang 1985) . In this 
they resemble targeted cytotoxins (reviewed in FitzGerald 
and Pastan 1989) . In the case of 6-bungarotoxin (see 

30 Introduction to experiment 1) , such naturally occurring 
specific targeting has been used in cell culture to 
select against a particular subset of cells (Politi and 
Adler 1986) . 



35 



The use of phospholipases should be widely applicable. 
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Many living things have membranes. Some of these are not 
even cellular, for example, the viridns of enveloped 
viruses; nonetheless, phospholipase degradation should be 
effective at neutralizing these as well. 

5 

Phospholipase inactivation of enveloped virions 

Many enveloped viruses are capable of causing disease in 
humans. Among them are Arboviruses (yellow fever), 

10 Herpesviruses (oral and genital sores) , Orthomyxoviruses 
(the common flu) , Paramyxoviruses (measles and mumps) , 
Poxviruses (smallpox) , and Retroviruses (AIDS) , Although 
they remain a continuing scourge, very few therapeutic 
strategies other than vaccination have been developed 

15 that combat them effectively. 

Viruses are parasitic. Their virions are virtually inert 
biochemically, without biosynthetic processes with which 
to target or endocytosis by which drugs may gain access. 

20 Enveloped virions are further protected by lipid 
membranes and are resistant to most conventional 
treatments. Nevertheless, applicants sought to exploit 
this very inertness by using phospholipase hydrolysis as 
a therapeutic tool. Virions, applicants reasoned, lack 

25 biosynthetic repair mechanisms and thus would be uniquely 
susceptible to this type of membrane degradation. 

Virus membranes are also intrinsic components in the 
virus entry mechanism: virus-cell membrane fusion leads 
30 to internalization of the virus core into the cell, 
initiating the infectious cycle. Thus elimination of the 
viral lipid envelope prevents virus entry and infection. 

As an initial test, applicants assayed the ability of 
35 phospholipases to inactivate the enveloped virions of HIV 



wo 96/40890 



PCrAJS96/09593 



- 32 - 

(Fig. 2.1) . To ensure that the viral inactivation was a 
result of phospholipase hydrolysis, and not an unforeseen 
side effect, applicants tested three widely divergent 
phospholipases . Dextran sulfate was used as a standard 
5 by which to judge viral inactivation potency. Dextran 
sulfate has previously been established to be an 
efficient inactivator of HIV virions in vitro, although 
it appears to function non- specif ically and is thus not 
a viable therapeutic agent (Abrams et al. 1989). 

10 

The initial test was a success. The phospholipases were 
found to be all extremely potent, inactivating HIV more 
effectively than dextran sulfate. No effect was found on 
cell viability at concentrations 1000 times higher than 
15 that needed for virion inactivation. 
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EXPERIMENT 3 

Therapeutic conjugates: creation and application o£ a 
non-naturally occurring targeted lipolytic cosipound 

The therapeutic use of targeted toxins has been 
investigated extensively over the past 20 years (reviewed 
in Pastan et al. 1992 and in Siegall 1994). But the 
plant and bacterial toxins used thus far have consisted 
almost exclusively of inhibitors of protein synthesis. 
In order to function, these must be internalized and 
translocated to the cytoplasm, an inefficient process 
several thousand toxin molecules may be stranded at the 
cell surface before one reaches the cytoplasm (Hudson and 
Grille 1991; reviewed in FitzGerald and Pastan 1989) . In 
contrast, phospholipases do not need to be internalized . 
They may function extracellular ly. Moreover, their 
targets are not necessarily cellular, extending their 
potential therapeutic range to include not only 
pathological cells, but also enveloped viruses. 

In the specific case of HIV, it should be possible to 
conjugate the CD4 protein to the S-bungarotoxin 
phospholipase. Such a conjugate would combine CD4- 
directed specificity, with phospholipase derived potency. 
Whether such conjugates prove useful therapeutically can 
only be determined experimentally. The general concept 
of targeting lipolytic agents against virions may serve 
as a universal therapeutic strategy against pathological 
enveloped viruses. 

Preparation of S-bungarotoxin phospholipase 



35 



S-bungarotoxin was purified from the venom of Bungarus 
multicinctus as described by Kondo et al. (Kondo et al. 
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1982a and 1982b) . The 6a # ^4 fractions from CM- 

Sephadex were pooled, suspended in 70% saturated 
(NH4)2S04, and loaded on a Phenyl Sepharose colunm. The 
boiHid ^2 £4 was eluted with low salt buffer. The 
5 eluate was then passed through an HR 100 column to obtain 
pure S-bungarotoxin phospholipase (mixture of 
isoenzymes) . 

The purified 6-bungarotoxin was selectively reduced at pH 
10 5-0, with 100 mM acetate buffer and 50 mM DTT at room 
temperature for 24 hours. 

The reduced 6-bungarotoxin mixture was loaded on a mono 
S column in low salt buffer with 1 mM EDTA pH 4.5, 5 mM 
15 sodium acetate, 0.05% 14 Zwittergent. The bound protein 
was eluted with a gradient of high salt buffer which did 
not contain detergent but had 2 M NaCl, Pure fi- 
bungarotoxin phospholipase eluted in the gradient between 
20-30% high salt buffer. 

20 

Phospholipase activity was assay with the 
spectrophometric method of de Araujo and Radvanyi (de 
Araujo and Radvanyi 1987) . Specific activity of the 
purified 6-bungarotoxin phospholipase subunit was roughly 

25 10-fold lower than that of the native 6-bungarotoxin on 
crude egg white lecithin-cholate micelles, but virtually 
unchanged on dihexanoyl lecithin under monodisperse 
conditions. These results imply that while the purified 
phospholipase sxibunit probably maintains full enzymatic 

30 activity, its ability to bind membranes is partially 
reduced. Such a reduction may be beneficial to targeting 
specificity; non-specific membrane affinity would be 
reduced enhancing diffusion, while in the case of 
specific binding, the targeting subunit should provide 

35 more than ample affinity. 
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Preparation of sCD4 

Soluble CD4 (sCD4) containing 4 domains (amino acid 1- 
369) was purified as described by Deen et al. (Deen et 
5 al. 1988) 

Conjugation S-Bunoarotoxin phospholipase to CD4 

Purified sCD4 was incubated with sulfo MBS (m- 
10 Maleimidobenzene-N-hydroxysulfosuccinimide ester) at pH 
7.5 in PBS for thirty minutes. Excess reagent was 
removed by gel filtration (superose 12) . The sulfo MBS 
activated sCD4 was incubated with S-Bungarotoxin 
phopholipase (containing a free -SH) at a ratio of 4:1 to 
15 produce the SCD4-S-bungarotoxin phospholipase conjugate. 
The SCD4-fi-Bungarotoxin phospholipase was stored in PBS 
at 4*»C. 

Test of sCD4-E-Bunaarotoxin phospholipase conjugate 

20 

HIV-1 (10^ infectious units) was mixed with 1 fig/ml of 
test compound at 37**C for 2 hours. Test cells were 
innoculated with the mixture for two hours. The cells 
were then washed three times with PBS and cultured for 
25 six days. The results are shown in Table 3.1: 
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Table 3.1 
Test Compound 



(Number of viral particles /ml in control) 
(Number with drug added) 

Inhibition Ratio 



10 Control = PBS 

+ Dextran Sulfate 
+ Pentosan Sulfate 
+ Conjugate 



1 
1 
1 

10 



15 



20 



It should be emphasized that this is a very restricted 
assay. Both dextran sulfate and pentosan sulfate which 
are accepted standards by which to judge viral 
inactivation potency (Abrams et al. 1989), at these 
concentrations (l^g/ml) , do not show significant 
neutralization. Even so, the sCD4-S-Bungarotoxin 
phospholipase conjugate was able to reduce viral 
production by 10 -fold. 



25 Although the fi-bungarotoxin phospholipase /CD4 conjugate 
was 10 times more effective at inhibiting HIV than either 
dextran sulfate or pentosan sulfate, it was expected that 
the conjugate would be even more potent. One reason for 
the lower than expected potency might be steric 

30 interference between the CD4 receptor recognition and the 
phospholipase enzymatic activity. 

With the intracellular toxins that have been previously 
used therapeutically as targeted toxins, receptor 
35 recognition occurs separately from the enzymatic 
. activity; specifically, receptor recognition occurs 
extracellularly at the cell surface, while enzymatic 
activity occurs intracellularly after the targeted toxin 
has been internalized. Thus there is little chance for 
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steric interference. Indeed, varying the length of the 
linker connecting the targeting unit and the 
intracellular toxin does not seem to have an effect 
(Singh et al. 1993) . 

5 

In contrast, for the targeted lipolytic agents described 
here, receptor recognition and lipolytic activity occur 
simultaneously at the cell surface. If the link between 
the targeting receptor and the lipolytic agent is too 
10 short, the lipolytic agent may be sterically inhibited 
from reaching the cell membrane. 

Fortunately, linkers, of extended length based on several 
quite diverse technologies has been developed. In 

15 particular, the use of long polyethylene glycol linkers 
(PEG) , with polymer lengths of greater than 50 A has been 
established (Shearwater Polymers, Inc.; Beauchamp et al., 
1983; Zalipsky et al., 1992). With these linear polymer 
linker, the PEG linker is relatively inert; it is the 

20 ends of the PEG which are modified to provide the 
required cross-linking properties. These PEG cross- 
linking compounds are commercially available from several 
companies including Sigma, Fluka and especially from 
Shearwater Polymers Inc. 

25 

Shearwater sells heterobifunctional cross -linking 
reagents with reactivities against lysine and cysteine 
similar to the sulfo-MBS (Pierce cat. #22313) used in the 
preparation of the S-bungarotoxin phospholipase/CD4 

30 conjugate described here (Shearwater Polymers, Inc. 

Catalogue Nos.: NHS-MAL-3400 (2000) and NHS-MAS-3400 
(2000)) Substitution of these heterobifunctional PEG 
compounds for the Pierce reagent , which has a 9.9 k 
spacer, should generate conjugates with extended linkers. 

35 It is expected that these extended linkers will be more 
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potent antiviral inhibitors. 

In addition to enhanced potency, numerous studies have 
demonstrated that derivatizing with PEG increases the 
5 serum half-life of the PEG-derivatized compound (Narukawa 
et al. 1993; Beauchamp et al. 1983). This secondary 
effect should further enhance the therapeutic potential 
of PEG-linked bungarotoxin phospholipase/CD4 conjugate. 

10 In summary, the extracellular action of the targeted 
lipolytic compounds envisioned here may require long 
linkers to achieve their full potential. Long linkers of 
quite diverse technologies ranging from polyacrylamide- 
strepavidin (Nardelli et al. 1989), genetically encoded 

15 linker peptides (Aflthan et al. 1995; Newton et al. 1996; 
Robinson et al. 1996), and extended polymers (eg see 
Shearwater Polymers catalogue) have been described. The 
techniques using PEG have several advantages including an 
easily defined number of reactive end groups, a stable 

20 non-hydrolyzing linker (the PEG), and the ability to 
confer enhanced serum half -lives. Moreover, the PEG- 
technology is well-established and reagents are 
commercially available. 
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claimed is: 

A non-nafeurally occurring targeted lipolytic 
compound comprising a lipolytic agent linked to 
a targeting agent. 

A non-naturally occurring targeted lipolytic 
compound of claim 1, wherein the lipolytic 
agent is a lipase, 

A non-naturally occurring targeted lipolytic 
compound of claim 2, wherein the lipolytic 
agent is a phospholipase. 

A non-naturally occurring targeted lipolytic 
compound of claim 3, wherein the lipolytic 
agent is a phospholipase A2. 

A non-naturally occurring targeted lipolytic 
compound of claim 4, wherein the phospholipase 
is a phospholipase subunit of S-Bungarotoxin. 

A non-naturally occurring targeted lipolytic 
compound of claim 1 wherein the lipolytic agent 
is covalently linked to the targeting agent. 

A non-naturally occurring targeted lipolytic 
compound of claim 6, wherein the lipolytic 
agent is linked to the targeting agent by a 
linker. 



A non-naturally occurring targeted lipolytic 
compound of claim 7, wherein the length of the 
linker is greater than 5 angstron. 
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A non-naturally occurring targeted lipolytic 
compound of claim 1 , wherein the length of the 
linker is greater than 50 angstron. 

A non-naturally occurring targeted lipolytic 
compound of claim 1, wherein the linker is a 
polyethylene glycol based linker. 

A non-naturally occurring targeted lipolytic 
compo\ind of claim 1 wherein the lipolytic agent 
is linked to the targeting agent by non- 
covalent interactions, 

A non-naturally occurring targeted lipolytic 
compound of claim 1 wherein the targeting agent 
preferentially recognizes a virus. 

A non-naturally occurring targeted lipolytic 
compound of claim 1, wherein the targeting 
agent preferentially recognizes pathological 
cells. 

A non-naturally occurring targeted lipolytic 
compound of claim 1, wherein the targeting 
agent preferentially recognizes a subpopulation 
of cells. 

A non-naturally occurring targeted lipolytic 
compoxind of claim 12, 13 or 14, wherein the 
targeting agent is a protein. 

A non-naturally occurring targeted lipolytic 
compound of claim 15 wherein the protein is an 
antibody. 
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A non-naturally occurring targeted lipolytic 
compovmd of claim 16 wherein the protein is an 
antibody or a portion of an antibody with the 
ability to bind antigen. 

A non-naturally occurring targeted lipolytic 
compoxmd of claim 12, 13 or 14, wherein the 
targeting agent comprises a carbohydrate 
molecule . 

A non-naturally occurring targeted lipolytic 
compound of claim 12, 13 or 14, wherein the 
targeting agent is a drug. 

A non-naturally occurring targeted lipolytic 
compound of claim 12 wherein the targeting 
agent preferentially recognizes an epitope on 
the surface of a virus. 

A non-naturally occurring targeted lipolytic 
compound of claims 12 and 20, wherein the virus 
is an enveloped virus. 

A targeted compound of claim 21 wherein the 
virus is selected from a group consisting 
essentially of herpesviruses, poxviruses, 
arboviruses , myxoviruses , orthomyxoviruses , 
paramyxovirus, leukoviruses, hepatitis viruses 
and retroviruses. 

A non-naturally occurring targeted lipolytic 
compound of claim 21 wherein the targeting 
agent is preferentially recognized by the human 
immunodeficiency virus. 
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24 . A non-naturally occurring targeted lipolytic 

compound of claim 23, wherein the targeting 
agent is a soluble CD4 molecule. 

5 25. A non-naturally occurring targeted lipolytic 

compound of claim 20, 21, 22 or 23 wherein the 
lipolytic is a phospholipase. 

26. A non-naturally occurring targeted lipolytic 
10 compound of claim 13 or 14, wherein the cells 

are tumor cells. 

27. A non-naturally occurring targeted lipolytic 
compound of claim 13 or 14, wherein the cells 

15 are viarus infected cells. 

28. A non-naturally occurring targeted lipolytic 
compound of claim. 13 or 14, wherein the cells 
are genetically aberrant cells. 

20 

29. A therapeutic composition comprising the non- 
naturally occurring targeted lipolytic compound 
of claim 1 and a pharmaceutically acceptable 
carrier . 

25 

30. A method of inactivating virions which 
comprises contacting the virion with the agent 
of claim 12 or 21 at an effective concentration 
permiting killing of the virions, thereby 

30 inactivating the virions. 

31. A method of killing pathological cells which 
comprises contacting the pathological cells 
with the molecule of claim 13 at an effective 

35 concentration permitting killing of cells. 
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thereby killing the pathological cells. 

32. A method of selectively eliminating a 
sxibpopulation of cells in a sample which 

5 comprises contacting the sample with a targeted 

lipolytic compound of claim 14, wherein the 
targeting agent preferentially recognizes the 
subpopulation of cell for an appropriate time 
permitting the lipolysis of cells by the 
10 lipolytic agent, thereby killing the 

sxibpopulation of cells in the sample. 

33. A method of claim 31 or 32, wherein the cells 
are tumor cells. 

15 

34. A method of claim 31 or 32, wherein the cells 
are virus infected cells. 



35. 

20 



A method of claim 31 or 32, wherein the cells 
are genetically aberrant cells. 



wo 96/40890 PCTAJS96/09593 



1/9 



FIG. 1A 



FIG. 1B 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO9d/40890 PCr/US96i/a9593 



3/9 



HG.2B 



WO%/40890 



PCT/US96/09593 



419 



u u o 



CO 

CD 
u. 



a u u 
a; DC OS 

Q Q Q 
J ►J u 
W Q 
Q D Q 
H > > 
Oi CU PU 

OS H 
o o c 

D) CO tn 
O C5 C5 

o o o 



— o o o 



JM >l >4 

u o u 

o O ti> 

S X 






o 



Cx] o o o 



o _ 



W H W b<5 
•< U DC OS btS 

o: a c: ^ g 

• &3 O H b3 

as Ixl Cx> S O 

O H Di H 

tn ^ CO 

b CO o: iid «< 

g Z M O Z 

z |o o : 








H 


d: Oi 




0 0 


Oi H 


• D Z >4 


Qi Ct Oi 


O4 !xS 


t4 »J U 








Q k3 &i 


Oj 


M Q 








o: 0: 




r 


<i 0: 





to 
o 

w 
OS 

> 

Ok 

u 



Cf 



o. s 



51^ 



« c P g o 




wo 96/40890 



PCTAJS9d/09593 



5/9 



FIG. 4A 
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FIG. 4B 




SUBSTITUTE SHEET (RULE 26) 



wo 96/40890 



PCT/US96/09S93 



7/9 



FIG.5A 



600 



3( 

i 

o 

Iq 
o 

JZ 
Q. 

2 

X 



250 




700 



Proximal area 



1300 




SUBSTITUTE SHEET (RULE 26) 



wo 96/40890 



PCTAJS96/09593 



9/9 



FIG. 6 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US96/09593 



A. CLASSinCATION OF SUBJECT MATTER 

IPC(6) :C12N n/02, 9/20; A61K 38/46 

US CL :435/177. 198; 424/94.6 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/177, 198; 424/94.6 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic daU base consulted during the international search (name of data base and, where pncticable, search terms used) 
APS 

Search terms: lipase^ or lypolyt? or phospholipasei', target? or b\ndlf»ff», link#*#, or crosslink** or conjuat**** 
or bridgtf** 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



US, A, 5,130,130 {MENEZ et al.) 14 July 1992, see 
especially the claims. 



1-4, 6-7, 13-17, 
20-23, 26-29, 
31-35 



US, A, 5,178,864 (LEES et al.) 12 January 1993, see 
especially column 8, lines 14-23. 



5, 8-12, 18-19, 
24 

1-4, 7, 15-17, 
24, 29 

5, 8-10, 12-14, 
20-23, 26-28 



"xl Further documents are listed in the continuation of Box C. Q See patent family annex. 



Speciil cucfofics of cited docuraeutt: 

doeunKatdcfiiuac Ifae gcoenl ilBtB of U»e ait whkh » DOI cso^ 
10 be put of putkulw fdevaace 

caiUer dontmcirt i w iMhhcid on or aikr the ipteraatiooftl fifing dale 

document which may throw doubts oa priority chtni(s) or which ii 
cited lo ai t nhfitb tlic publication dite of toother citation or other 
■pectml fCMQo (m ipecified) 

documeat rcferrinf to on oral dtsctoture. use, exhibition 6ir other 



docusKat pixfaUahed prior to the iatematiooal filing dile but later »>*«tt 
the priority dale chimed 



*1* later documeat publidwd after the tnsemattoaal filing dale or priority 

date and not in eoaKet at iiK thjt •ppi;^'t^ Hit f itH tfff ^ ^ 

principle or theoiy underlying the nvcaltoo 

*X* document of peiticular idevanoe; Ihe dahned invention «^"""> be 

eooaideiBd novel or cannot be conaidered to involve an mvcntive aiep 
when the document ta taken alone 

*Y* document of panicular relevance; the claimed taveation cannot be 

coniideied to tnvoKe an Inveathre Mcp «im the J^«tr * i k 
oombined with one or more other 8udhdocumeola,m ' " ' 
bemg obvioua lo a peraoo dcilkd m die ait 

documentmemberof the same patent ftutt^y 



Date of the actual completion of the international search 
04 SEPTEMBER 1996 



Date of mailing of the international search report 

0 2 OCT 1996 



Name and mailing address of Ihe ISAAJS 
Commisstoser of PnienU tod Tmdemarks 

Box per 

Washington. D.C. 20231 
Facsimile No. r703) 305-3230 



Authorized officer 



WEBER. PH.D. 



JONR \^ 



Telephone No. (703) 308-0196 



Form PCT/ISA/210 (second sheetXiuly 1992)* 



INTERNATIONAL SEARCH REPORT 



Intemational appiication No. 
PCT/US96/09593 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



Hiis international icpoit has not been established in stsped of certain claims under Article 17(2)(a) for the following reasons: 
1. I I Claims Nos.: 

' — ' because they relate to subject matter not required to be searched by this Authority* namely: 



2. Claims Nos. 



because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. [xj Claims Nos.: 25&30 

because Ih^ are dependent claims and are not drafted in accordance ^th the second and thizd 



of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of Rrst sheet) 



This International Searching Authority found multipte inventions in this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this international search report h 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest \ \ The additk>nal search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 



Form PCrnSAniO (continuation of first sheet(l))(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International appticatton No. 
PCTAJS96«»5W 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US, A, 5,342,924 (CHANG) 30 August 1994, see especially 


1-3. 6-10, 12-17, 




column 13, lines 3-13. 


20-23, 26-29, 31- 


Y 




35 








X 


US, A, 5,298,420 (CHANG) 29 March 1994, see especially 


1-3, 6-10, 12-17, 




column 6, line 65 to column 7, line 22. 


20-23, 26-29, 31- 


Y 




35 






4-5 


X 


US, A, 5,232,911 (VIDAL) 03 August 1993, see entire document. 


1-4, 11, 13-15, 






26, 29, 31-33 


Y 










5 



Fdrm PCT/ISA/210 (continuation of second sheetKluly 1992)* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



